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The development of segregated early weaning(SEW) practices has been of great benefit to swineproducers. This method reduces the exposure ofpiglets to a wide variety of pathogens by weaning
before the colostrum immunity has ended and the piglet
has a chance to be infected by diseases carried by the sow.
While not all diseases may be eliminated, this method
offers an opportunity to produce high health, fast growing
pigs. Aherne et al. (1993) stated that pigs that were early
weaned into a suitable draft-free environment grow 6%
faster with 26% less feed. The challenge lies in the
definition of a suitable environment.
Most energetic research on piglets has focused on
determination of the lower critical temperature (TCL) at
different stages and the subsequent results of exposing pigs
to conditions warmer or cooler than TCL. These studies were
based on a variety of weaning ages, some of which would be
comparable to the present early-weaning practices which
wean pigs at 14 to 19 days of age. Other studies performed
on pigs weaned older than this range would not achieve the
high health status of SEW pigs but provide good
comparisons of changes in animal performance.
Ota et al. (1975) was cited by ASAE (1994) as the
source for a portion of the piglet heat production standard.
They examined the performance of pigs weaned at 28 days
of age and averaging 3.85 kg. Pigs were kept at 29°C for
the first two weeks, 24°C for the second two weeks, and
18°C for the third two weeks. Feed efficiency and average
daily gain over the entire six-week period was 1.65 and
258 g/day, respectively. Average THP for the three periods
were 3.43, 4.58, and 5.08 W/kg, respectively. ASAE
(1994) uses THP values of 3.3 W/kg for 4 to 6 kg pigs at
29°C, 4.5 W/kg for 6 to 11 kg pigs at 24°C, and 5.0 W/kg
for 11 to 17 kg pigs at 18°C. Values for moisture
production (MP) and sensible heat loss (SHL) were given
in the ASAE standard which was attributed to Ota et al.
(1975). However, Ota et al. (1975) made no mention of
either MP or SHL, thus values in the ASAE standards may
have been derived from assumptions.
Another portion of the ASAE standard was attributed to
Cairnie and Pullar (1957). In this study, direct calorimetry
was used to determine the metabolic rates of pigs weaned
at 10 days of age and weighing 4 to 12 kg. Temperatures
from 15 to 30°C were used as treatments. A portion of this
data is summarized with other pertinent data in table 1.
McCracken et al. (1979) compared two groups of
10-day old pigs started at 27°C and decreased temperatures
using two different stepping methods. One treatment
reduced the temperature 1°C every four days until 20°C
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Table 1. Comparison of total heat production (W/kg) for pigs in various studies
at different weights and temperatures
4 to 6 kg 6 to 9 kg 9 to 12 kg
25°C 30°C < 23°C 25°C 30°C < 23°C 25°C 30°C
Cairnie and Pullar (1957) 4.8 4.5 5.6 5.4 5.3 5.6 5.7 5.7
Ota et al. (1975) ----- 3.3 ----- 4.5 ----- ----- 4.5 -----
McCracken and Caldwell (1980) 5.7 ----- 6.1 5.5 ----- ----- ----- -----
LeDividich et al. (1980) ----- ----- 4.1 3.8 3.4 ----- ----- -----
McCracken and Gray (1984) 4.5 4.4 6.3 ----- 6.0 6.6 ----- 6.3
----- ----- ----- 3.7 3.6 4.7 4.5 -----
This study 5.6 5.1 5.8 6.0 5.7 6.3 6.4 5.7
was reached at 38 days of age. The other treatment reduced
the temperature 1°C every day until 20°C was reached at
17 days of age. No difference in feed efficiency or rate of
gain was observed between the treatments, leading to the
conclusion that the cooler temperature should be used on
farms to save energy.
McCracken and Caldwell (1980) examined the heat
production of piglets weaned at 10 days of age. Temperatures
above and below TCL were used to examine heat production
within and below the thermoneutral zone. Selected THP
values are listed in table 1.
Le Dividich et al. (1980) examined pigs weaned at 25 days
for 12 days post-weaning. Heat production and performance
parameters were measured for piglets exposed to 20, 24, and
28°C. No significant difference was found between the
treatments for average daily gain or average daily feed intake.
Resulting pertinent THP values are shown in table 1.
McCracken and Gray (1984) compared pigs weaned at 14
and 28 days. The researchers indicated that the TCL for the
pigs weaned at 14 days was 26, 23, 18, and 16°C at ages of
17, 23, 29 and 35 days, respectively. TCL for the pigs weaned
at 28 days was 24, 23, and 19°C at ages of 31, 37, and 43
days, respectively. This seems to indicate that TCL changed at
different rates for different weaning ages and pigs weaned at
14 days were more cold tolerant at a younger age. Table 1
gives relevant data for the 14 and 28-day weaned pigs.
Although several of these studies have been done that
evaluated the THP, none of these actually partitioned the
THP into sensible and latent portions. Consequently,
information is missing for proper ventilation system design
for SEW pigs. Because SEW pigs tend to grow fast, they
may produce heat and moisture at different rates than
earlier studies. Since the studies by Ota et al. (1975) and
Cairnie and Pullar (1957), which provided the baseline data
for ASAE design standards, dramatic advances have
occurred in pig genetics and nutrition. Consequently, the
validity of the current literature data for SEW pig system
design may be questionable.
Another problem is the appropriate temperature at
which to raise SEW pigs. Many different temperature
recommendations exist. Robertson et al. (1985) examined
the TCL based on feed consumption of pigs weaned at 5 kg.
They recommended that 5 kg pigs be started at 30°C and
reduced by 0.56°C per day until 18.9°C is reached. This
was found to keep the temperature above the estimated TCL
for the groups of pigs. Most documented studies indicated
that TCL was much lower than the temperatures generally
used on farms. Aherne et al. (1993) reported that early
weaned pigs of 3.6 to 5.5 kg require a temperature of
29.4°C with a daily variation of less than 2.2°C for the first
week, while pigs of 5.5 to 7.7 kg should be kept at 26.7°C.
Murphy et al. (1995) recommended that one-week-old pigs
be started at 32.2°C and decreased by 0.56°C every day
after the fifth day of post-weaning and continuing until
23.9°C is reached. He also recommended that room
temperature may be set lower than 32.2°C if an effective
temperature of 32.2°C is achieved using hovers or
localized heating. Clark (1994) recommended that early
weaned pigs be started at 28.9°C and the temperature
decreased 1.1°C every week.
This wide variety of opinions on temperature scheme is
due to several factors. Many studies which found TCL for
piglets were conducted at least 10 years ago. Since that time
the dietary needs of the early weaned pig have been better
defined and met; the genotype of pigs has changed due to the
demand for leaner carcasses, and segregating of piglets gives
them a faster growth rate. Early weaned pigs, which were
high health pigs, may actually have a higher heat production
rate, and therefore a reduced TCL, compared with
conventionally produced pigs due to increased feed
consumption and growth. Because of these changes, and the
inconsistency in recommendations, further determination of
the thermal environment was necessary.
The objectives of this study were to:
• Examine production parameters of SEW pigs
exposed to four different temperature treatments.
• Determine the energetic responses of SEW pigs to
the temperature treatments.
• Compare information currently used for nursery
ventilation design with the measured responses of the
SEW pigs in this study.
MATERIALS AND METHODS
PIGS AND TEMPERATURE TREATMENTS
SEW pigs between 13 and 16 days of age were used in
this study. In the first trial, 11 pigs were placed in each of
four indirect calorimetry chambers and 10 were placed in
each for the second and third trials. Trials 2 and 3 used
piglets from the same genetic line, PIC* C15 sows and 405
boars. Trial 1 used piglets from a pasture farrowing farm that
used a three way cross-breeding program to produce a
Hampshire/Duroc/Yorkshire genetic line. Upon arrival at the
research laboratory, pigs were injected with 2 cc of Strep
Bac† with Imugen II and Toxivac‡ Plus Parasuis and then
randomly assigned to one of four calorimetry chambers.
Sulmet§ Sodium Sulfamethazine 12.5% was used to
medicate the water for the first week after weaning. Pigs
were kept on test for three weeks until 34 to 37 days of age.
Feeding was done manually three to four times per day
during the first week and ad lib thereafter. The pens were fed
a standard phase starter diet procured via a local feed
company and labeled as: Pig 3000 (for pigs 2.3 to 4.5 kg),
Pig 2000 (4.1 to 5.5 kg), Pig 1300 (5.5 to 7.3 kg), A700 (6.4
to 9.1 kg), A300 (9.1 to 13.6 kg), and A150 (over 13.6 kg).
Diets were not switched at precisely the prescribed interval
but generally approximated on-farm practices.
Temperatures for the four calorimeter chambers were set
at 31.1, 28.9, 26.7, and 24.4°C for the first week and were
decreased by 1.1°C at the end of each of the next two
weeks. Once per week the pigs were weighed individually
and the chambers were cleaned. Feed bags were weighed
individually before opened to establish net feed
disappearance. Feeders were weighed once per week to
measure the unused feed. The electronic weighing scale
was accurate to ± 10 g. Feed efficiency (FE) and average
daily gain (ADG) were calculated on a weekly basis.
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* Pig Improvement Company, Franklin, Ky.
† Product of Oxford Veterinary Laboratory, Worthington, Minn.
‡ NOBL Laboratories, Sioux Center, Iowa.
§ American Cyanamid Company, Wayne, N.J.
CALORIMETRY CHAMBERS
This study was conducted in the Livestock Environment
and Physiology (LEAP) Research Laboratory near the Iowa
State University campus. The LEAP lab has four indirect
calorimetry chambers that are 1.5 m × 1.8 m. The chambers
were constructed using fiber-reinforced plastic laminated
over plywood to provide easily cleaned, sanitary walls. The
flooring was plastic coated woven wire over a shallow
manure pit which had a center plug for draining. The open
circuit, positive pressure unit utilizes an air handler to
condition the air to the lowest of the treatment temperatures.
Convective electric heaters were used in each chamber to
raise the temperature to the appropriate treatment level. Each
chamber was equipped with a thermoelectric air mass
flowmeter. Air was admitted through a perforated false
ceiling to establish uniform flow patterns that create
negligible drafts, defined as less than 0.15 m/s by ASAE
(1994), and was checked before the first trial. Oxygen
concentration, carbon dioxide concentration, and dewpoint
temperature of influent and effluent air were measured using
a paramagnetic oxygen analyzer, an infrared carbon dioxide
analyzer, and a dew point hygrometer, respectively.
Conditions of influent and effluent air for each chamber
were measured for 6 min during a 30 min cycle. The first 5
min were used to purge the sample lines and the last minute
was used to gather data at 2 s intervals, which were averaged
and recorded. The O2 and CO2 analyzers were calibrated
with primary zero and span calibration gases twice daily
throughout the experimental period. They were also checked
by combustion of pure ethanol for two hours at the
beginning of the experiment. Temperature and relative
humidity were measured using electronic probes hanging in
the center of each chamber.
Total heat production (THP) was calculated using
indirect calorimetry equations which are presented in the
appendix. Moisture production (MP) was calculated from
dewpoint readings and mass air flow and was, therefore, a
total room moisture production rather than moisture
production from the pigs alone. Sensible heat loss (SHL)
was taken as the difference between THP and the latent
heat loss calculated from the MP. An error analysis
indicated a maximum THP measurement error of
± 0.26 W/chamber. Compared to the magnitude of THP
measured (> 200 W/chamber), this error was considered
negligible. A more detailed description of the LEAP lab
and associated indirect calorimetry calculations may be
found in Xin and Harmon (1996) and the APPENDIX section.
STATISTICAL ANALYSIS
The experiment was set up as a randomized block
design. Weekly and overall treatment means for average
daily feed (ADF), ADG, FE, THP, MP, SHL, and
respiratory quotient (RQ) were analyzed using an analysis
of variance (ANOVA) test for randomized block design.
Duncan’s multiple range test was used for paired
comparisons of treatment means.
RESULTS AND DISCUSSION
EFFECTS OF TEMPERATURE ON PRODUCTION PARAMETERS
Table 2 summarizes the initial and weekly average pig
weights. The average total gain for each of the four
treatments (from the highest to lowest temperature) were
7.73, 7.95, 7.68, and 7.84 kg/pig. Using an ANOVA test
for randomized block design, no significant difference (P >
0.05) was found among these averages.
Table 3 summarizes the average daily gain (ADG) and
feed efficiency (FE) for each of the trials. Duncan’s
multiple mean comparison test was performed on the
treatment averages for each week and for the overall ADG
and FE for each treatment. ADG overall averages for the
four treatments (by descending temperature) were 0.36,
0.38, 0.37 and 0.37 kg/day, respectively. No significant
differences in ADG were found between the treatments in
any one week or for the overall period (P > 0.05). Overall
averages of FE were 1.30, 1.33, 1.38 and 1.27, respectively.
Results from the Duncan’s test indicated the overall FE for
the 26.7-24.4°C treatment (1.38) was significantly higher
(P < 0.05) than that for the 31.1-28.9°C and 24.4-22.2°C
treatments but not different from that of the 28.9-26.7
treatment. Numerically, there seems to be an advantage at
the lowest temperature setting (24.4-22.2°C treatment)
since it possessed the best overall FE in two of the three
trials but variation within the treatments made the effect
statistically non-significant.
EFFECTS OF TEMPERATURE ON ENERGETICS
Table 4 summarizes the weekly and overall energetic data.
The mean THP during each week was not significantly
different for any of the four treatments (P > 0.05). The overall
THP responses, from the warmest to coldest treatment, were
5.53, 5.66, 5.83, 5.87 W/kg. The warmest treatment had
significantly lower THP (P < 0.05) than the other three
treatments and the coldest treatment had significantly higher
THP (P < 0.05) than the other three treatments.
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Table 2. Average and standard deviations of trial pig weights for
SEW pigs beginning at 13 to 16 days of age and ending
at 34 to 37 days of age
Body Weight (kg)
Temperature
Initial Week 1 Week 2 Week 3 Total Gain
Treatment Avg. SD. Avg. SD. Avg. SD. Avg. SD. Avg. SD.
31.1-28.9°C 4.46 0.31 6.21 0.21 8.94 0.42 12.17 0.31 7.73 0.46
28.9-26.7°C 4.46 0.28 6.11 0.24 9.06 1.05 12.52 0.78 7.95 0.78
26.7-24.4°C 4.41 0.25 5.95 0.13 8.73 0.30 12.20 0.41 7.68 0.21
24.4-22.2°C 4.39 0.23 6.11 0.09 8.76 0.53 12.23 0.38 7.84 0.36
Table 3. Average daily gain (kg/day) and feed efficiency (kg feed/kg gain) for
SEW pigs beginning at 13 to 16 days of age and ending
at 34 to 37 days of age
Week 1 Week 2 Week 3 Overall
Treatment ADG FE ADG FE ADG FE ADG FE
31.1-28.9°C Avg. 0.25 1.02 0.40 1.33 0.46 1.40 0.36 1.30 a
SD. 0.017 0.032 0.059 0.18 0.017 0.23 0.021 0.17
28.9-26.7°C Avg. 0.25 1.06 0.39 1.36 0.49 1.48 0.38 1.33 a,b
SD. 0.050 0.090 0.10 0.10 0.081 0.38 0.035 0.16
26.7-24.4°C Avg. 0.22 1.16 0.40 1.33 0.48 1.51 0.37 1.38 b
SD. 0.035 0.20 0.036 0.14 0.074 0.33 0.006 0.10
24.4-22.2°C Avg. 0.25 1.06 0.38 1.27 0.50 1.39 0.37 1.27 a
SD. 0.021 0.049 0.080 0.12 0.083 0.26 0.021 0.13
Column means with different letters for each temperature treatment are
significantly different (P < 0.05).
SHL, as might be expected, was significantly affected
by the temperature treatments during each week and for the
overall. Table 4 shows the statistical groupings. The overall
SHL for the four treatments, warmest to coldest, was 2.21,
2.71, 3.01, and 3.22 W/kg. This makes intuitive sense
because as air temperature decreases, the difference
between skin temperature and environmental temperature
becomes greater and SHL increases. The two coldest
treatments had average SHL values that were not
significantly different. This may be due, in part, to the fact
that as pigs grew it was difficult to maintain the lower
temperatures in the two lower temperature chambers.
During the third week of the trials during warm weather the
average temperature in these two chambers were actually
very close. The average third week temperature in the 26.6
to 24.4°C treatment was 24.4°C while the average third
week temperature in the 24.4 to 22.2°C treatment was
23.9°C. Therefore, one would expect them to behave
similarly.
The individual weekly information may help locate the
thermoneutral zone. Week 1 had SHL averages for the two
middle treatments that were relatively close to each other.
Weeks 2 and 3 had SHL averages for the two coldest
treatments that were relatively close. This may indicate that
during week 1 the TCL was around 26°C and during the
second and third weeks it was around 22°C. However, this
is based on limited data and needs verification on the exact
location of the thermoneutral zone.
MP for the warmest treatment in each of the first two
weeks and the overall MP treatment average were
significantly different (P < 0.05) than the other temperature
treatments. This may indicate that the warmest treatment
was above the upper critical temperature during each week.
Overall average MP values for the four treatments, from
warmest to coldest, were 4.85, 4.26, 4.13, and 3.85 g
H2O/kg-h. The declining MP with decreasing temperature
was expected. In this case, only the middle two treatments
were not statistically different. It should be noted that MP
was for the entire room, thus included evaporated moisture
from manure handling and water spillage—a more realistic
situation for ventilation design.
Respiratory quotient (RQ) is defined as the ratio of CO2
production to O2 consumption and is an indication of the
substance that the animals are catabolizing. Kleiber (1961)
explained the catabolization of a pure carbohydrate will
produce an RQ of 1.0 and a fat will produce an RQ of
approximately 0.71. It also can be used to check an indirect
calorimetry system for accuracy. RQ exhibited no
significant differences between treatments for the
individual weeks or overall. It did, however, start off at a
lower number which would indicate that pigs were not
consuming adequate feed and were using their body fat at
first. During the third week the RQ approached 1.0.
Although the exact location of the thermoneutral zone
was not easily determined, the energetic responses of this
study indicated that the pigs were probably most
comfortable and most efficient under a treatment other than
the warmest one.
COMPARISON OF THE ENERGETICS DATA TO THE ASAE
STANDARD
Pigs in this study performed much differently than those
in Ota et al. (1975), on which the ASAE standard (1994)
was based. Pigs in the Ota et al. (1975) study had an ADG
of approximately 258 g/day and FE of 1.65 for a growth
period from 3.8 to 14.5 kg. In the present study, pigs began
the treatment at approximately 4.3 kg and were removed at
11.8 kg, having a ADG of 370 g/day and FE of 1.32.
Therefore, ADG was 43% greater and FE was improved by
20%. Pigs in the present study were not used over the same
weight range as Ota et al. (1975) so the difference in FE
values might actually be closer than 20% since pigs get less
efficient as they grow larger. However, ADG gradually
increases with increasing animal weight so the pigs in the
present study might actually be growing more rapidly than
43%. This indicates that in terms of production
performance, these were genetically different pigs than
those used in 1975.
Differences in the energetic data were further evidence
of the differences in pig performance. Table 5 lists MP,
THP, and SHL for the ASAE standard in comparison to this
research. The average of the 28.9 to 26.7°C treatment
during the first week of each trial was used for the
comparison to the 4 to 6 kg standard data. The 6 to 11 kg
data was taken as the average of the second week of the
24.4 to 22.2°C treatment and the third week of the 26.7 to
24.4°C trials. The differences in MP were 135 and 73% for
the two different animal sizes. This was partly due to the
fact that the ASAE standard excludes water evaporation
from sources other than from the pig’s body and data of
this study included all moisture sources. Moisture produced
by the system, however, is a more useful term for
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Table 4. Weekly average energetic responses and trial standard deviations 
for SEW pigs beginning at 13 to 16 days of age and ending
at 34 to 37 days of age
Treat-
Week 1 Week 2 Week 3 Overall
ment Average SD Average SD Average SD Average SD
31.1- THP* 5.17 0.35 5.68 0.17 5.74 0.44 5.53 a 0.40
28.9°C SHL 2.09 a 0.37 2.12 a 0.30 2.42 a 0.43 2.21 c 0.36
MP 4.56 x 0.23 5.03 x 0.41 4.94 x 0.084 4.85 f 0.32
RQ 0.94 0.11 0.98 0.021 0.96 0.010 0.96 0.053
28.9- THP 5.06 0.078 5.70 0.46 6.21 0.24 5.66 a,b 0.56
26.7°C SHL 2.37 a 0.10 2.57 b 0.47 3.18 b 0.29 2.71 d 0.46
MP 4.00 y 0.15 4.28 y 0.38 4.49 x,y 0.34 4.26 g 0.34
RQ 0.91 0.059 0.97 0.50 0.97 0.029 0.95 0.050
26.7- THP 5.09 0.33 5.98 0.31 6.42 0.43 5.83 a,b 0.66
24.4°C SHL 2.50 a,b 0.081 2.99 c 0.47 3.54 b 0.37 3.01 e 0.54
MP 3.95 y 0.30 4.19 y 0.19 4.25 y,z 0.18 4.13 g 0.24
RQ 0.90 0.061 0.98 0.032 0.99 0.043 0.96 0.060
24.4- THP 5.58 0.16 5.78 0.14 6.26 0.31 5.87 b 0.36
22.2°C SHL 2.97 b 0.34 3.02 c 0.29 3.69 b 0.38 3.22 e 0.45
MP 3.89 y 0.48 3.84 y 0.081 3.81 z 0.081 3.85 h 0.25
RQ 0.91 0.070 0.97 0.03 0.98 0.023 0.95 0.054
Column means with different letters for each energetic variable are significantly
different (P < 0.05). No letters indicate no significance.
* THP – Total Heat Production (W/kg), SHL – Sensible Heat Loss (W/kg), MP
– Moisture production (g H2O/kg-h), RQ – Respiratory Quotient.
Table 5. Comparison of the current study
with ASAE Standard design data
4 to 6 kg @ 29°C 6 to 11 kg @ 24°C
ASAE This ASAE This
Standard Study Difference Standard Study Difference
MP (g/kg-h) 1.7 4.0 135% 2.2 3.8 73%
THP (W/kg) 3.3 5.1 55% 4.5 6.0 33%
SHL (W/kg) 2.2 2.4 9% 3.1 3.4 10%
ventilation design. SHL was relatively similar, within 10%,
for both animal sizes. The THP of this study was 55 and
33% greater, respectively, than the ASAE standard. This
shows that swine being produced today are much different
from those produced in 1975. This may be an indication
that not only should the ASAE standard be updated for
SEW nursery pigs, but perhaps all of the swine energetic
data should be examined and updated as needed.
CONCLUSIONS
No significant difference was found in average daily
gain or average daily feed intake for segregated early
weaned (SEW) pigs exposed to four temperature
treatments. Overall feed efficiency was significantly lower
(P < 0.05) for the coolest and warmest treatments.
Considerable differences were found in energetic
characteristics of the SEW pigs as compared to the ASAE
standard used for ventilation design. Pigs weighing 4 to 6 kg
kept at 29°C were found to have a total heat production
(THP), moisture production (MP), and sensible heat loss
(SHL) that were 55, 135, and 9% higher, respectively, than
the current ASAE standard. Pigs weighing 6 to 11 kg kept at
24°C were found to have energetic values 33, 73, and 10%
higher, respectively, than the ASAE standard. The results
suggest the need to reexamine the literature energetic data
used for ventilation design.
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APPENDIX
CALCULATIONS OF HEAT AND MOISTURE
PRODUCTION RATES
Total Heat Production:
THP = 16.18O2 +5.02CO2 (Brouwer, 1965) (1)
where
THP = total heat production (W/kg of liveweight)
O2 = oxygen consumption rate of the animals STPD
(mL · s–1 · kg–1)
CO2 = carbon dioxide production rate of the animals
STPD (mL · s–1 · kg–1)
O2 = Vi(Xi – αXo) × 10–6 (2)
CO2 = Vi(αYo – Yi) × 10–6 (3)
where
Vi = inlet airflow rate STPD (mL · s–1 · kg–1)
Xi, Xo = oxygen concentration of the inlet and outlet air,
respectively (ppm)
Yi, Yo = carbon dioxide concentration of the inlet and
outlet air, respectively (ppm)
α = correction factor for the outlet airflow rate
Moisture Production Rate:
where
MP = moisture production (gH2O · h–1 · kg–1)
ρ = air density (1.293 g · L–1)
Wi, Wo = humidity ratio of the inlet and outlet air,
respectively (gH2O/g dry air)
where
P = barometric pressure (kPa)
Pw = partial vapor pressure of inlet or outlet air (kPa)
W = 0.62198 Pw
P – Pw
 Weiss, 1977 (6)
MP = Viρ αWo – Wi  × 3600
1000
(5)
α = Vo
Vi
 =
1 – Xi + Yi  × 10
–6
1 – Xo + Yo  × 10
–6
(4)
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where tdp = dew point temperature of the inlet or outlet air
(°C)
Sensible Heat Loss:
where
SHL = sensible heat loss (W/kg)
hfg = latent heat of vaporization of water (2450 J/K g)
Respiratory Quotient:
RQ = CO2
O2
(9)
SHL = THP –
MP × h fg
3600
(8)
Pw = 0.6107e
17.2693882 t dp
t dp + 237.30
 Weiss, 1977 (7)
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